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ABSTRACT 
In preparation to encounter metal thinning phenomenon on the piping spools in 
petroleum process, a simulation statistical model which apply the best approach in 
determining the corrosion rate and the remaining life has been establish. Ultrasonic 
thickness spot measurement is the most reliable way to inspect the deterioration 
condition of the piping spools. The indicated data from the ultrasonic thickness spot 
measurement is always affected the evaluation of the corrosion rate of the piping 
condition. Hence, to experience a better view of the corrosion rate at the piping 
spools, this study is being carried to aside the unknown effect on the varying data 
thickness measurement and thus, a conservative corrosion rate can be determine. The 
conventional and statistical approach has been practise with case study 1 and case 
study 2 and the result has been assessed. It is proposed that statistical methodology 
more conservative than the conventional methodology with proven result that has 
been established as the statistical methodology offer an extra precaution in corrosion 
concern. 
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CHAPTER 1 
INTRODUCTION 
 
1.   INTRODUCTION 
The author will give explanations about this project background, problem statement 
objectives, scope of study, relevancy, feasibility and the validity of the project. 
 
1.1   Background 
One of the most main components of the facilities in the industrialized world is the 
rapid network of the pipelines and process piping which literally applied millions of 
miles. The term `piping system` is refers to the web or interconnected of piping 
subject to the same set or sets of design condition. The term `piping` generally is 
assemblies of piping components used to transport, distribute, mix, separate, 
discharge, meter, control or snub fluid flows and act as pipe-supporting elements but 
does not include support structure (Becht, 2004). This piping involving the process 
and the pipelines is commonly manufactured by steel and cast iron. Piping is 
consisted a mechanical elements which play mechanical system such as joining, 
assembly and supporting with specific mechanical components (Becht, 2004). The 
most common approach of joining each segment in pipe individually is by welding 
or soldering depend on the characteristics of the metal assigned.  
Pipelines and process piping act as transportation is considered the most reliable and 
safest medium across the manufacturing facilities and across countries. However, 
failures do happen given the complex and extensive network of pipelines and piping 
spools. The potential impact of this failure is spectacular and can lead to extensive 
property damage and loss of life. It is important to study and have a better 
knowledge to investigate this failure occasion which applying an engineering and 
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scientific disciplines. With the broad scale of skill and knowledge, this failure can be 
hindered by investigating and introduced a better approach of methodology in 
monitoring the pipeline and piping system. 
 
1.2   Problem Statement 
Generally, the process piping which is the to transport the chemical materials and 
substances through a specific process subjected with a certain value of pressure 
always a major role when highlighting the safety aspect of the chemical plants and 
refineries. But, when the case is subjected to the complex structure of the piping 
system, it is difficult to determine the thickness on the specific location. Hence, the 
corrosion rate cannot be assessed. Multiple approaches have been introduced to 
cooperate with the corrosion rate. Integrity, reliable, feasible and conservative 
approach need to be selected to encounter the problem stated.  
 
1.3   Objectives 
 
 To assess the corrosion rate based on the conventional methodology 
and statistical methodology. 
 To evaluate and recommend the method between conventional 
methodology and statistical methodology.  
 To apply the concept of conventional methodology and statistical 
methodology with case study. 
 
1.4   Scope of Study 
The pipelines and piping spools are constructed and maintained in accordance of 
applicable industry standard which is ASME B31. This research also apply API 
standard when inspector undergoing the inspection process. Other parameters such 
as temperature, pressure and flow rate of the substance is assumed constant 
throughout the research. Moreover, this project focused on the thickness 
measurement data and the location of the thickness measured. Furthermore, on this 
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research, one of the approaches which are statistical methodology approach assumed 
that the piping system suffered from general corrosion under normal conditions. It is 
also assumed that there is no localised corrosion defects occur at the inside and 
outside surfaces of the pipe spools and no visual defects outside surface of the pump 
which need to repair (Chi Hui Chien, 2008).  
 
1.5   Relevancy of the project 
The project is relevance to carry out due to the explanations and presentations about 
the most conservative approach for the inspector to monitor the piping condition. 
Moreover, the corrosion rate is being discussed and has provides a tool that helps in 
estimating the potential deteriorate condition beside waive the uncertainties of the 
thickness measurement data.  
 
1.6   Feasibility of the project. 
The author of this project believes this project can be accomplished its objective 
within the timeframe given. The calculation detail and information of this project 
mostly has been taught in the previous syllabus in Mechanical Course. As an 
example, one of the approaches to monitor the piping condition in the petroleum 
process is the statistical method which mainly about the concept of mathematical 
statistic and probability calculation and formula. On the other hand, for conventional 
methodology, the syllabus such as Engineering Material also has been taught in the 
course which is much related to the life cycle, thickness measurement and corrosion 
rate has been discussed briefly during the time. 
 
1.7   Validity of the result. 
The author has practically calculated and assessed the conventional methodology and 
statistical methodology. The case study is valid as it’s obeyed and follows the API 
standard. The result has been calculated by the author. 
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CHAPTER 2 
LITERATURE REVIEW AND THEORY 
 
2.   LITERATURE REVIEW AND THEORY 
During this section, the author will discuss about the past research that is relevant to 
this project by cross-referencing and critical analysis. Furthermore, the author will 
highlight about the theory adopted and the case studies that being applied throughout 
this project. 
 
2.1   Literature Review 
According to several researches, the chosen publication in assessing the corrosion 
defects in a process piping mostly is American Society of Mechanical Engineering 
(ASME) code ASME-B31G. Generally, ASME-B31G is a method that assesses the 
loss defects due to corrosion of metal by evaluating the remaining strength of 
externally corroded pipe subjected to internal pressure loading (Dewint, 2011). This 
method has claimed to be conservative than the other testing method which is Test 
Vessels, Material Property Testing and Burst Testing that use the actual burst 
pressure value that will cause the pipe to fail (Lefevre, 2004). But, according to 
(Coulson, 1990a) it is proven that the assessment of the ASME B31G is over-
conservative to the piping process. This is because the high model of uncertainty 
from lacking of actual values from database such as the real corrosion defects, sharp 
defects, and complex shaped defects. Hence, several modifications from the equation 
have been proposed to minimise the conservatism of ASME B31G methods (Marley, 
2001). With respect to previous statement, Kiefner and Veith (1990) have provided 
the approach which has proposed some modifications such as two-term 
approximation for the Folias factor used in the B31G criteria. It improves the 
accuracy of the piping spool assessment. 
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One of the methodologies to determine the corrosion defects is conventional 
methodology. Based on the Chi-Hui Chien research on 2008, the conventional 
methodology approach is said to be the easiest Non-Destructive (NDT) method when 
performing the piping inspection. But, the inspectors is always confuse in selecting 
the thickness measure subjected to multi-thickness location chosen to calculate the 
corrosion rate. Practically, to acquire the thickness measurement location located in 
the same point between two measurements is nearly impossible. Hence, the 
estimation of the corrosion rate consists of large area of uncertainty. Therefore, the 
statistical methodology is introduced. Statistical methodology is the more 
conservative evaluation about the corrosion rates of the piping spools which the 
uncertainties of the estimated corrosion rates can be determine by selecting a suitable 
confidence level of the measured thickness data.  
By studying the statistical methodology method for monitoring the piping condition 
in petroleum process, the illustration of the deteriorate condition is easily shown by 
plotting the histogram based on the estimated corrosion rate data. The deterioration 
condition of piping is crucial in maintaining the piping condition. The deteriorate 
phenomenon occur when metal thinning occur due to the corrosion rate will lead to 
residual stresses and in-service corrosion. These factors will affect the leakage and 
thus increasing the failure probability (A.Amirat, 2006). To encounter this scenario, 
reliability analysis is introduced to assess the effect taken and to manage the lifetime 
efficiently. Furthermore, deficiencies in design such as manufacturing defects, 
fabricate defects, and service defects also will cause the failures in piping system to 
malfunction (Thielsch, 1993). Hence, a proper inspection and maintenance is 
essential for ensuring the continuous operation. Risk Based Inspection approach is 
used to calculate the risk using the piping failure probability analysis and First Order 
Reliability Method (FORM) (Ainul Akmar Mokhtar, 2009). 
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2.1.1   Cross-referencing / Chronology title establishment. 
Table 1: Cross reference 
 
 
2.2   Theory 
2.2.1   Conventional Methodology 
Conventional methodology approach has been identified as the easiest Non 
Destructive (NDT) approach for the piping inspection. Before obtaining the data 
from ultrasonic survey in the piping spools, based on the conventional methodology, 
the inspector needs to re-organise the thickness measurement locations at the 
possible deterioration takes place such as joints. Then, the evaluation of corrosion 
rate and remaining life is conducted. Straight pipe is chosen as an example to 
evaluate the corrosion rate and remaining life by using the equation provided by 
ASME B31.3 (2002) and API 570 (1997): 
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Based on equation (1),           is the required thickness for the component to be 
functional before corrosion allowance and the manufacture tolerance were 
considered; P is the internal design gauge pressure of the pressure component; D is 
the outside diameter of the pressure component as listed in the table standard, 
specification or as measured during fabrication; S is the allowable stress value for 
the pressure component of material fabricated and E is the quality factor. For 
equation (2) and (3), the           is the thickness measurement at the same location 
of          in millimetres.  
In real world application, the inspector always has a difficult in choosing the 
          and          especially in complex-thickness location chosen to calculate 
the corrosion rate and remaining life of the pipe. To overcome this incident, the 
inspectors preferably choose the average reading of the thickness measurement. 
Hence, the outcome of the result always deviate from actual result and the result 
even are unreasonable. Based on the C.H. Chien and C. H. Chen in 2008, the 
probability of inspecting each thickness measurement location located exactly in the 
same point between two measurements is nearly impossible. In addition, the authors 
claimed that the inspector cannot always get the representative thickness value 
between the previous and the last measurement. In one other case, the          may 
be higher than the         . Hence, the result is unreasonable. 
 
2.2.2   Statistical methodology 
Commonly, the fabrication material of carbon steel such as ASTM A53,A 106, A381 
and API-5L to be used in the piping system which applied in chemical plants and 
refinery. The solely purpose of this piping is to convey the chemical materials in 
petroleum process and is designed to avoid any severe corrosion condition. It can be 
considered as the piping system is suffered from general corrosion under normal 
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operating conditions. Furthermore, it is assumed that there is no localised damage on 
the inside and outside surface of the piping spools. Under these assumptions, the 
distribution of the thickness data can be considered as normal distribution. 
Therefore, statistical methodology is adopted.  
By obtaining the actual variance of the thickness spools,  , it is unachievable to 
obtain the actual inspection work which is    ̅   
  
 
 , where n is the number of 
measurement. However, by assuming the piping spools is normally distributed, the 
statistical methodology can be replaced by     ̅  
 ̂ 
 
, which can be calculated 
from measured thickness data.  The acceptable confidence level is measured 
thickness data for the plant owner is  , the possible mean value can be approached 
by using Student`s t distribution based on the confidence level  , which expressed in 
equation below (Yan,2002): 
    
   (
 
 )      
 
 ̅   
 ̂
√ 
⁄
  
   (
 
 )      
              
 ̂  √
     ̅        ̅        ̅        ̅           ̅  
   
      
Where,  
 ̅= is the mean value of the measured thickness data 
n= the quantities of the measured ultrasonic thickness readings  
 = mean value of the possible actual piping thickness 
   = the readings of ultrasonic thickness measurement 
 
   (
 
 
)      
 = Student`s t distribution value with the probability of     
 ̂ = root mean square value of the measured thickness data. 
By rearranging the equation 6 and substitution with other equation, the final 
expression for possible corrosion rate of piping spools of statistical methodology is 
as follows: 
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Where, 
  =time interval for           and         . 
  =unbiased estimator under the assumption of           
           
  which can be 
expressed as 
    
(           ) ̂        
               ̂       
 
                      
 
 
   (
 
 
)    
= t-value corresponding to Student`s   distribution. 
 = Confidence level (%) 
For the applications to site piping spools, there are few steps to achieve the corrosion 
rate which is (Chi Hui Chien, 2008): 
1. Pre-select the thickness measurement locations on the pressure components 
where thinning conditions are suspected (refer to the API RP 574) 
2. Perform the ultrasonic thickness survey on the selected thickness 
measurement locations of the pressure components. 
3. Calculate the mean values of the previous survey respectively 
4. Calculate the statistical parameters 
5. Choose the acceptable confidence level   1-  , and the t-value corresponds to 
the Student`s t distribution. 
6. Substitution of the value to the equation 7 
7. Substitute the inspection time interval in years 
8. Collect upper limit of the corrosion rate interval in equation 7. 
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9. Organise the data distribution by determining the number of class using 
Sturge`s Rule  
                   
k= number of class, 
n=size of the class. 
 
2.3   Case study  
This project involves the case study 1 and case study 2 which can be obtain from Chi 
Hui Chien research paper at 2008.  
 
2.3.1   Case Study 1(Chi Hui Chien, 2008) 
The aim of this case study is to determine the corrosion rate based on the data given. 
The data given is as below: 
Table 2.1: Case Study 1 Data 
Thickness  
measurement  
location 
Measured data 
Inspection date: July 2,1993 
Inspection date: November 9, 
2003 
Thickness (mm) Thickness (mm) 
R1 R2 R3 R4 R1 R2 R3 R4 
#1 6 6.3 6.1 6 5.8 5.6 5.6 5.7 
#2 6.2 6.5 6.4 5.9 5.9 5.8 5.9 5.8 
#3 6.2 6.5 6.3 6.4 5.3 5.4 5.2 5 
#4 4.9 5.2 5 5.1 5.3 5.3 5.3 5.2 
#5 5.7 6.3 6 6.1 5.3 5.4 5.4 5.5 
#6 6 6.4 6.2 6.3 5.6 5.4 5.4 5.5 
#7 5.1 5.4 5.2 5.3 5.2 5.2 5.1 5.1 
#8 5.7 6.2 5.8 6 5.7 5.8 5.8 5.9 
#9 5.7 6.2 5.8 6 5.9 5.8 5.9 5.9 
#10 4.9 5.3 5 5.2 5.2 5.3 5.3 5.3 
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#11 6.1 6.4 6.2 6.3 5.9 5.9 5.8 5.8 
#12 4.9 5.3 5 5.2 5.4 5.3 5.3 5.2 
#13 5.9 6.2 6 6.2 5.2 5.3 5.3 5.2 
#14 5.8 6.2 5.9 6.1 5.6 5.6 5.7 5.7 
#15 4.9 5.4 5.2 5.3 5.4 5.3 5.4 5.3 
#16 5.1 5.9 5.3 5.5 5.4 5.3 5.3 5.4 
#17 5.8 6.1 5.9 5.6 5.5 5.6 5.6 5.6 
#18 4.9 5.4 5 5.2 5.3 5.2 5.3 5.3 
#19 5.9 6.1 6 6.1 5.1 5.2 5.5 5.4 
#20 4.8 5.3 5 5.2 5.1 5.2 5 5.2 
 
2.3.2   Case study 2 (Chi Hui Chien, 2008) 
Second case study is conducted to further understanding about the corrosion rate of 
the piping spools in petroleum process. The data of the case study is illustrated as 
below: 
Table 2.2: Case Study 2 Data 
Thickness 
measurement 
location 
Measured data 
Inspection date: October 14, 2001 
Inspection date: November 3, 
2003 
Thickness (mm) Thickness (mm) 
R1 R2 R3 R4 R1 R2 R3 R4 
#1 8.2 8.4 8.3 8.4 8.2 8.4 8.8 8.5 
#2 7.8 8 7.9 8 8.1 8 8.1 8.1 
#3 8.1 8.5 8.2 8.4 8.4 8.5 8.7 8.6 
#4 8.6 8.7 8.6 8.7 8.2 8.7 8.8 8.7 
#5 7.3 7.9 7.5 7.8 8 8 8 8.1 
#6 8 8.5 8.3 8.4 7.7 7.4 7.7 8.6 
#7 7.8 8.4 7.9 8.2 8.2 8.1 8.1 8.2 
#8 8.1 8.2 8.1 8.1 8.2 8.4 8.6 8.4 
#9 7.4 8.6 7.5 8.4 7.7 8.6 7.2 7.6 
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2.3.3   Comparisons using both methodologies on case study 1 location 
#4 
As an example, based on the case study 1 which is at location #4, the calculation 
using equation 2, corrosion rate using conventional methodology is as follows: 
                
                  
                                           
 
                
          
      
                 
Based on the conventional methodology, the corrosion rate at location #4 is -
0.0213mm/year. The result is unreasonable due to the negative value of corrosion 
rate. 
By using the statistical methodology on the same sample case study which is case 
study 1 location #4, the calculation on corrosion rate, using equation 7 is as follows: 
( ̅          ̅       )       (  )    
  ((
 
         
)  (
 
        
))
 
 
 
  
                  
 
 
( ̅          ̅       )       (  )    
  ((
 
         
)  (
 
        
))
 
 
 
The  
   (
 
 
)    
 value is 95% by referring the t-Distribution critical value table. 
(Appendix 1) 
        
          
  
                  
 
 
         
          
 
The upper limit is chosen. Hence, the corrosion rates for case study 1 at location 
0.00431 mm/year. Compare to the conventional method, the statistical method is 
recommended as a tool for the inspector to assess the corrosion rate as it is more 
conservative approach compare to the conventional methodology. 
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Chi Hui Chen in 2008 has claimed that based on the proven result, the statistical 
methodology has appear to be more conservative approach in assessing the thickness 
data measurement of the piping system and thus estimating the corrosion rate. The 
result has shown that by adopting the statistical methodology model, all corrosion 
rates at their respective location has a positive value, compare to the conventional 
methodology which has certain location has negative values.  In order to have a 
better view of the research result, he has constructed the histogram on the corrosion 
rate distribution as below: 
 
Figure 2.1: Corrosion rate Distribution using conventional 
 approach by Chi Hui Chen at 2008 
As found in the above research result, by using the conventional approach, the case 
study has two negative values which has a corrosion rate which have upper limit of -
0.0269 mm/year. The other location is as distributed accordingly to their range 
classes. 
Furthermore, he also has conducted a research on the statistical approach using the 
same case study which being used in the conventional methodology. In order to 
show the comparison as one of the research objectives, the histogram of corrosion 
rate distribution has constructed as below: 
14 
 
 
Figure 2.2 : Corrosion rate Distribution using  
statistical approach by Chi Hui Chen at 2008 
It is shown that by using the statistical methodology, the case study has no negative 
values. Hence, the statistical approach has claimed to be more conservative approach 
compare to the conventional approach. 
 
 
 
 
\ 
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CHAPTER 3 
METHODOLOGY/PROJECT WORK 
 
3   METHODOLOGY 
In this section, the author will discuss and highlight about the project activities by 
displaying the Gantt chart of FYP1, FYP2, tools required and flowchart of the 
project. 
3.1   Gantt chart and key milestone for FYP1  
Table 3.1: Gantt chart and Key milestone for FYP1 period 
Detail / Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 
Selection of Project Topic             
  
  
  
  
  
  
  
              
Preliminary Research Work 
 Consulting with assigned 
supervisor 
 Conducting the literature 
review and case study 
 Identifying  the Problem 
Statement, Objectives and 
Scope of Study                           
Submission of Extended Proposal                          
Proposal Defence                           
Continuation of Project work 
 Further research on the 
conventional methodology in 
determining the corrosion 
rate, thickness required and 
remaining life. 
 Further research on the 
statistical methodology by 
understanding the applicable 
Student`s t distribution for 
corrosion rate (Yan, 2002).                           
Continuation of Project work 
 Recommend the best              
16 
 
approach 
 Applying the method in 
determining the corrosion rate 
with the data given by assess 
both methodology. 
Submission of Interim Report                         
 
 
3.2   Gantt chart and key milestone for FYP2 
Table 3.2 : Gantt chart and key milestone for FYP 2 period 
Detail / Week 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
Preliminary Research Work 
 Review each case study 
thoroughly             
  
  
  
  
  
  
  
  
  
                
Research Work 
 Determining the 
corrosion rate by using 
the conventional 
methodology 
 Establish a EXCELL 
based simulation 
modelling  for several 
method using 
conventional 
methodology               
Research Work 
 Revise the result data 
for case study 1               
Submission of Progress Report             
 
              
Project Work Continues 
 Determining the 
corrosion rate by using 
the statistical 
methodology                             
Project Work Continues 
 Establish a EXCELL 
based simulation 
modelling  for several 
method using statistical 
methodology               
Project Work Continues 
 Revise the result data 
for case study 2 
 Propose the best 
method with proven 
result.               
17 
 
Pre SEDEX                   
 
        
Submission of Draft Report                     
 
      
Submission of Dissertation 
(soft bound)                       
 
    
Submission of Technical Paper                       
 
    
Oral Presentation                         
 
  
Submission of Dissertation 
(hard bound)                           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  Mid-semester Break 
  Process 
 Key milestone 
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3.3   Tools required. 
To illustrate the corrosion rate based on statistical methodology, the Microsoft Excel 
is required.  
3.4   Research Methodology 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1 : Research Methodology 
Conducting the research on the 
title background and previous 
literature 
 
Examine the concept of 
corrosion rate based on 
conventional and statistical 
methodology approach 
 
Determine the conservative 
approaches  
 
 Evaluate the approaches with 
different case study 
approach 
 
Compare the result with the 
previous result 
 
Is the result 
acceptable? 
Revise the 
calculation 
approach 
 
No 
Yes 
Conclude the best approach on 
determining the corrosion rate 
 
FYP1 
FYP2 New 
approach 
from the 
Literature 
review 
approach 
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Based on the Figure 3.1, at the early stage of period FYP 1, the author has 
done several studies on the corrosion rate. During this period, the author has 
recognised the standard of pipe based on ASME B31 and API. Based on the 
standard, the author has recognised the search about the corrosion rate. 
Furthermore, during this phase, the author has searched other research 
material regarding the corrosion rate and their method. Next, phase is to 
examine the corrosion rate using the conventional and statistical approach. 
During this phase, the author has study several research on model in 
obtaining the corrosion rate. The author also discovers the mathematical path 
on statistical and conventional models. Proceed, during the end of period 
FYP1, the author has chosen the expected models that is more reliable and 
conservative to obtain the corrosion rate based on other approaches that the 
author has studies.  
 
At the beginning of FYP2 period, the author evaluates the approaches by 
adopting the case study 1 and case study 2 towards the models established. 
The author has conduct the comparisons on the result obtain. Next is to 
determine whether the result of both approaches is acceptable in term of the 
model calculation and concept. With the discussion with the superior 
regarding the matter, the result is acceptable. Then, the author discuss the 
result obtain and revise the data by comparing the case study 1 and case study 
2. By the end of period FYP2, the author has concluded the research by 
recommending the model with acceptable reason and application in real 
world. 
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CHAPETR 4 
RESULT AND DISCUSSION 
 
4.   RESULT AND DISCUSSION 
 
4.1   Case study 1 simulation result 
Based on this case study, there are twenty location of the pipe that being measured as 
such the thickness using ultrasonic according to the API (1998). The inspector 
conducted two inspections on different time. The first inspection measurement 
thickness of pipe began on 2
nd
 of July 1993 and the second inspection on 9
th
 
November 2003. Hence, the time interval for           and           is approximately 
10 years. The exact thickness of the respective location and the average thickness are 
as shown in table below: 
Table 4.1: Case Study 1 Data and average thickness 
Thickness  
measurement  
location 
Measured data 
Inspection date: July 2,1993 Inspection date: November 9, 2003 
Thickness (mm) Thickness (mm) 
R1 R2 R3 R4 
Mean  
thickness of 
                
R1 R2 R3 R4 
Mean  
thickness of 
                
#1 6 6.3 6.1 6 6.1 5.8 5.6 5.6 5.7 5.675 
#2 6.2 6.5 6.4 5.9 6.25 5.9 5.8 5.9 5.8 5.85 
#3 6.2 6.5 6.3 6.4 6.35 5.3 5.4 5.2 5 5.225 
#4 4.9 5.2 5 5.1 5.05 5.3 5.3 5.3 5.2 5.275 
#5 5.7 6.3 6 6.1 6.025 5.3 5.4 5.4 5.5 5.4 
#6 6 6.4 6.2 6.3 6.225 5.6 5.4 5.4 5.5 5.475 
#7 5.1 5.4 5.2 5.3 5.25 5.2 5.2 5.1 5.1 5.15 
#8 5.7 6.2 5.8 6 5.925 5.7 5.8 5.8 5.9 5.8 
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#9 5.7 6.2 5.8 6 5.925 5.9 5.8 5.9 5.9 5.875 
#10 4.9 5.3 5 5.2 5.1 5.2 5.3 5.3 5.3 5.275 
#11 6.1 6.4 6.2 6.3 6.25 5.9 5.9 5.8 5.8 5.85 
#12 4.9 5.3 5 5.2 5.1 5.4 5.3 5.3 5.2 5.3 
#13 5.9 6.2 6 6.2 6.075 5.2 5.3 5.3 5.2 5.25 
#14 5.8 6.2 5.9 6.1 6.025 5.6 5.6 5.7 5.7 5.65 
#15 4.9 5.4 5.2 5.3 5.2 5.4 5.3 5.4 5.3 5.35 
#16 5.1 5.9 5.3 5.5 5.45 5.4 5.3 5.3 5.4 5.35 
#17 5.8 6.1 5.9 5.6 5.85 5.5 5.6 5.6 5.6 5.575 
#18 4.9 5.4 5 5.2 5.125 5.3 5.2 5.3 5.3 5.275 
#19 5.9 6.1 6 6.1 6.025 5.1 5.2 5.5 5.4 5.3 
#20 4.8 5.3 5 5.2 5.075 5.1 5.2 5 5.2 5.125 
 
The summary for the case study is illustrated in graph as below: 
 
Figure 4.1: Case study 1 thickness data summary 
 
 The     are the reading of the ultrasonic measurement at specific location. The 
mean thickness of                 is calculated as below: 
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For location 1 (#1), the calculation is as below: 
           
 
     
Other location thickness mean measurement data is further calculated. 
The result for the 1
st
 case study is assessed. Unfortunately, based on the graph 1 
above, the location at #4, #10, #12, #15, #18 and #20, the          is higher than 
         . Hence, based on equation 2, the corrosion rate has a negative value. 
Theoretically, the            should be higher than the          in order for the 
corrosion to take place. Hence, the corrosion rate can be determined. The overall 
mean thickness including all the 20 location, the graph below is illustrated. 
 
Figure 4.2 : Case study 1 overall mean thickness 
To examine the corrosion rate of the case study, the conventional and statistical 
approach is adopted. 
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4.1.1 Case study 1 simulation result (conventional methodology) 
The corrosion rate of each respective location using the conventional approach is 
illustrated in table as below: 
Table 4.2: Corrosion rate of case study 1 using conventional approach 
Conventional Approach (Case Study 1) 
Location Corrosion rate(mm/year) 
#1 0.04045 
#2 0.03808 
#3 0.10709 
#4 -0.02142 
#5 0.05949 
#6 0.07139 
#7 0.00952 
#8 0.01190 
#9 0.00476 
#10 -0.01666 
#11 0.03808 
#12 -0.01904 
#13 0.07853 
#14 0.03332 
#15 -0.01428 
#16 0.00952 
#17 0.02618 
#18 -0.01428 
#19 0.06901 
#20 -0.00476 
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To gain a better view of the result data obtain based on the case study for 
conventional methodology in estimating corrosion rate; the bar chart is illustrated as 
below: 
 
Figure 4.3: Histogram of corrosion rate of case study 1 using conventional 
approach 
 
It is observed that the location #4, #10, #12, #15, #18 and #20 for conventional 
approaches is negative value. Hence, these location corrosion rate is unable to 
determine due to the unreasonable value which shown to be denying the nature of 
corrosion phenomenon .The highest value of the corrosion rate (mm/year) is at the 
location #3 which is 0.1070mm/year followed by location #13, #6 and #19 which is 
0.07852mm/year, 0.07139mm/year and 0.06901mm/year respectively. On the other 
hand, the lowest value of the corrosion rate is at location #9 which is 
0.004759mm/year followed by location #7 which has corrosion rate of 
0.009518mm/year which is the second lowest of the corrosion rate value. Next is 
location #8 which is 0.01189mm/year as the third lowest corrosion rate. 
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4.1.2   Case study 1 simulation result (statistical methodology) 
The corrosion rate of each respective location using the statistical approach is 
illustrated in table as below: 
Table 4.3: Corrosion rate of case study 1 using statistical approach 
Statistical Approach (Case Study 1) 
Thickness 
Measurement 
Location 
Unbiased  
Estimator 
Corrosion Rate at  
respective  
confidence level 
(mm/year) 
#1 0.01458 
0.061024 
#2 0.03667 
0.057993 
#3 0.02292 
0.126818 
#4 0.00958 
-0.02136 
#5 0.03458 
0.069354 
#6 0.01917 
0.091214 
#7 0.01000 
0.039499 
#8 0.02792 
0.014881 
#9 0.02583 
0.005759 
#10 0.01344 
-0.01661 
#11 0.00750 
0.057979 
#12 0.01500 
-0.01898 
#13 0.00969 
0.09833 
#14 0.01375 
0.043235 
#15 0.01875 
-0.01423 
#16 0.04500 
0.009615 
#17 0.01719 
0.027117 
#18 0.01938 
-0.01423 
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#19 0.01594 
0.078839 
#20 0.02188 
-0.00474 
 
To gain a better view of the summarise result data obtain based on case study 1 for 
statistical methodology in estimating the corrosion rate, the bar chart is illustrated as 
below: 
 
 
Figure 4.4: Histogram of corrosion rate of case study 1 using statistical approach 
 
It is observed that the location #4, #10, #12, #15, #18 and #20 for conventional 
approaches is negative value. Hence, these location corrosion rate is unable to 
determine due to the unreasonable value which shown to be denying the nature of 
corrosion phenomenon .The highest value of the corrosion rate (mm/year) is at the 
location #3 which is 0.1268 mm/year followed by location #13, #6 and #19 which is 
0.09832 mm/year, 0.09121mm/year and 0.07883mm/year respectively. On the other 
hand, the lowest value of the corrosion rate is at location #9 which is 
0.004759mm/year followed by location #7 which has corrosion rate of 
0.005759mm/year which is the second lowest of the corrosion rate value. Next is 
location #8 which is 0.01488 mm/year as the third lowest corrosion rate. 
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4.1.3   Case study 1 simulation result (discussion) 
By applying both conventional approaches and statistical approach on case study 1, 
the graph can be obtained as below: 
 
Figure 4.5 : Comparison of corrosion rate of case study 1 using both approaches  
 
It is observed that location number #4, #10, #12, #15, #18 and #20, corrosion rate is 
at negative value with using both approach which is conventional methodology and 
statistical methodology. It seems that both methodologies cannot estimate the whole 
corrosion rate with respective location. 
Furthermore, based on the result, most of the corrosion rate from statistical approach 
has a larger value compare to the corrosion rate from using the conventional 
approach. This may due from multiplier factors existing in statistical calculation 
modelling which involving the percentage confidence level and the unbiased 
estimator that can contribute in the corrosion rate value. Although, the corrosion rate 
cannot be estimated in certain location, but obtaining corrosion rate from using the 
statistical approach may seem to be more realistic answer as the corrosion rate is 
larger than the corrosion rate gain by adopting the conventional methodology.  
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Corrosion rate higher means the probability of metal thinning process is quicker. 
Thus, frequent inspection or survey need to be conducted in monitoring the metal 
thinning process to secure the safety condition in the plant or the respective area.  
Hence, in conclusion, by adopting statistical approach to obtain the corrosion rate in 
this case study, the author can gain more conservative result compare to the 
corrosion rate using the conventional methodology as it allow a safety precaution by 
instructing the inspector to undergo frequent inspection and monitoring on the 
condition of the pipe.  
In order to achieve a better understanding about the estimated corrosion rate 
distribution of the piping spool, the histogram of this case study based on the 
conventional approach is plotted as below. 
 
Figure 4.6 : Conventional Corrosion rate distribution of case study 1 
It can be observe that the distribution of the estimated corrosion rate for most piping 
system in this case study for most 0.11 mm/year. However, one cannot make right 
inspection and maintenance strategies for piping location at #4, #10, #12, #15, #15 
and #20 since their respective corrosion rate is negative values. 
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The histogram of the estimated corrosion rates for this case study based on the 
statistical approach is plotted as below. 
 
Figure 4.7: Statistical corrosion rate distribution of case study 1 
 
It can be observe that the distribution of the estimated corrosion rate for most piping 
system in case study 1 for most 0.127 mm/year. However, one cannot make right 
inspection and maintenance strategies for piping location at #4, #10, #12, #15, #15 
and #20 since their respective corrosion rate is negative values. 
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4.2   Case study 2 simulation result 
For case study 2, the thickness measurement location is 9 locations and the sample 
taken is four. The previous inspection was on October 14, 2001 and the current 
inspection was on November 3
rd
, 2003. Hence, the duration between the previous 
and current inspection is approximately 2.08 years. The exact thickness measurement 
of respective location and the average thickness is shown in table below: 
Table 4.4 : Case study 2 data and average thickness 
Thickness 
measurement 
location 
Measured data 
Inspection date: October 14, 2001 
Inspection date: November 3, 
2003 
Thickness (mm) Thickness (mm) 
R1 R2 R3 R4 
Mean  
thickness 
R1 R2 R3 R4 
Mean  
thickness 
#1 8.2 8.4 8.3 8.4 8.325 8.2 8.4 8.8 8.5 8.475 
#2 7.8 8 7.9 8 7.925 8.1 8 8.1 8.1 8.075 
#3 8.1 8.5 8.2 8.4 8.3 8.4 8.5 8.7 8.6 8.55 
#4 8.6 8.7 8.6 8.7 8.65 8.2 8.7 8.8 8.7 8.6 
#5 7.3 7.9 7.5 7.8 7.625 8 8 8 8.1 8.025 
#6 8 8.5 8.3 8.4 8.3 7.7 7.4 7.7 8.6 7.85 
#7 7.8 8.4 7.9 8.2 8.075 8.2 8.1 8.1 8.2 8.15 
#8 8.1 8.2 8.1 8.1 8.125 8.2 8.4 8.6 8.4 8.4 
#9 7.4 8.6 7.5 8.4 7.975 7.7 8.6 7.2 7.6 7.775 
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The summary for the 2nd case study is illustrated in graph as below: 
 
Figure 4.8 : Case study 2 thickness data summary 
Based on this case study, there are nine location of the pipe that being measured the 
thickness using ultrasonic according to the API (1998). The inspector conducted two 
inspections on different date. The first inspection measurement thickness of pipe 
begins on 14
th
 October of 2001 and the second inspection on 3
rd
 November 2003. 
Hence, the time interval for           and           is approximately 2 years. The     
are the reading of the ultrasonic measurement at specific location. By using the 
equation 4, the mean thickness is calculated. Take location 1 (#1) as an example: 
               
 
       
Other location thickness mean measurement data is further calculated. 
The result for the 2
nd
 case study is assessed. Unfortunately, based on the graph 3 
above, the location at #1, #2, #3, #5, #7 and #8, the          is higher than          . 
Hence, based on equation 2, the corrosion rate has a negative value. Theoretically, 
the            should be higher than the          in order for the corrosion to take 
place. Hence, the corrosion rate can be determined. The overall mean thickness 
including all the 9 location, the graph below is illustrated as below: 
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Figure 4.9 : Case study 2 overall mean thickness 
In order to gain a better view of understanding on the comparison approaches for 
corrosion which is conventional and statistical methodology on the piping system, 
the histogram of the estimated corrosion rates for this case study based on the both 
approach is plotted as below. 
 
4.2.1 Case study 2 simulation result (conventional methodology) 
The corrosion rate of each respective location using the conventional approach is 
illustrated in table as below: 
Table 4.5 : Corrosion rate of case study 2 using conventional approach 
Conventional Approach (Case Study 2) 
Location Corrosion rate (mm/year) 
#1 -0.01428 
#2 -0.01428 
#3 -0.02380 
#4 0.00476 
#5 -0.03808 
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To gain a better view of the summarise result data obtain based on case study 2 for 
conventional methodology in estimating corrosion rate; the bar chart is illustrated as 
below: 
 
Figure 4.10: Histogram of corrosion rate of case study 2 using conventional 
approach 
It is observed that the only location #4, #6 and #9 for conventional approaches is 
positive values. On the other hand, other location which is #1,#2,#3,#5,#7 and #8 
corrosion rate is unable to determine due to the impossible value which shown to be 
defying the nature of corrosion phenomenon .The highest value of the corrosion rate 
(mm/year) is at the location #6 which is 0.0428 mm/year . Next is location #9 
corrosion rate which is 0.019mm/year. Lastly, the lowest value of the corrosion rate 
is at location #4 which is 0.0048mm/year. 
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4.2.2 Case study 2 simulation result (statistical methodology) 
The corrosion rate of each respective location using the statistical approach is 
illustrated in table as below: 
Table 4.6: Corrosion rate of case study 2 using statistical approach 
Statistical Approach (Case Study 2) 
Thickness 
Measurement 
Location 
Unbiased  
Estimator 
Corrosion Rate 
at  
respective  
confidence 
level 
#1 
0.03583 
-0.0145 
#2 
0.00583 
-0.0142 
#3 
0.02500 
-0.0237 
#4 
0.03833 
0.00567 
#5 
0.03917 
-0.038 
#6 
0.15833 
0.0728 
#7 
0.03958 
-0.0071 
#8 
0.01458 
-0.0261 
#9 
0.36250 
0.02416 
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The histogram of the estimated corrosion rates for this case study based on the 
conventional approach is plotted as below. 
 
Figure 4.11: Histogram of corrosion rate of case study 2 using statistical approach 
 
It is observed that the only location #4, #6 and #9 for conventional approaches is 
positive values. On the other hand, other location which is #1,#2,#3,#5,#7 and #8 
corrosion rate is unable to determine due to the impossible value which shown to be 
defying the nature of corrosion phenomenon .The highest value of the corrosion rate 
(mm/year) is at the location #6 which is 0.0728 mm/year . Next is at location #9 
corrosion rate which is 0.024mm/year. Lastly, the lowest value of the corrosion rate 
is at location #4 which is 0.00567 mm/year 
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4.2.3 Case study 2 simulation result (discussion) 
 
By applying both conventional approaches and statistical approach on case study 1, 
the graph can be obtained as below: 
 
 
Figure 4.12: Comparison of corrosion rate of case study 2 using both approach 
It is observed that location number #1, #2, #3, #5, #7 and #8, corrosion rate is at 
negative value with using both approach which is conventional methodology and 
statistical methodology. It seems that both methodologies cannot estimate the whole 
corrosion rate with respective location. 
Furthermore, based on the result, most of the corrosion rate from statistical approach 
has a larger value compare to the corrosion rate from using the conventional 
approach. This may due from multiplier factors existing in statistical calculation 
modelling which involving the percentage confidence level and the unbiased 
estimator that can contribute in the corrosion rate value. Although, the corrosion rate 
cannot be estimated in certain location, but obtaining corrosion rate from using the 
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statistical approach may seem to be more realistic answer as the corrosion rate is 
larger than the corrosion rate gain by adopting the conventional methodology.  
Corrosion rate higher means the probability of metal thinning process is quicker. 
Thus, frequent inspection or survey need to be conducted in monitoring the metal 
thinning process to secure the safety condition in the plant or the respective area.  
Hence, in conclusion, by adopting statistical approach to obtain the corrosion rate in 
this case study, the author can gain more conservative result compare to the 
corrosion rate using the conventional methodology as it allow a safety precaution by 
instructing the inspector to undergo frequent inspection and monitoring on the 
condition of the pipe.  
 
Figure 4.13 :Conventional corrosion rate distribution of case study 2 
 
It can be found that the estimated distribution of the corrosion rate for most piping in 
case study 2 is on the range of 0.0037 mm/year to 0.0431 mm/year. On the contrary, 
one cannot make right inspection and maintenance strategies for piping location at 
#1, #2, #3, #5, #7 and #8 since their respective corrosion rate is negative values. 
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The histogram of the estimated corrosion rates for this case study based on the 
statistical approach is plotted as below. 
 
Figure 4.14 : Statistical corrosion rate distribution of case study 2 
 
It can be found that the estimated distribution of the corrosion rate for most piping in 
case study 2 is on the range of 0.003 mm/year to 0.0845mm/year. On the contrary, 
one cannot make right inspection and maintenance strategies for piping location at 
#1, #2, #3, #5, #7 and #8 since their respective corrosion rate is negative values. 
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CHAPTER 5 
 
CONCLUSION AND RECOMMENDATION 
 
5.   CONCLUSION AND RECOMMENDATION 
5.1   Conclusion 
Based on the result and discussion from case study 1 and case study 2, it is 
confirmed with proven calculation result that the statistical methodology is more 
conservative than the conventional methodology. Hence, the author has proposed the 
statistical methodology over conventional methodology for determining the 
corrosion rate and hence the remaining life of the pipe.  
 
5.2   Recommendation 
Next step is to obtain another sample or case study from the supervisor to determine 
the corrosion rate of the piping in petroleum process using conservative approach 
and statistical approach. Multiples of methods need to be selected and demonstrate in 
obtaining a good and reasonable result from the new sample or case study given. 
The recommendation proposed by the author is to broaden the research on the other 
statistical methodology to support the result obtain beside follow the time frame as 
stated in the Gantt chart of FYP 2. 
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